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1
FOLDABLE FLEXIBLE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority from
Korean Patent Application No. 10-2013-0003350, filed on
Jan. 11, 2013 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a foldable flexible display
device, and more particularly, to a foldable flexible display
device that can be folded/unfolded at a folding portion of the
flexible display device allowing portable terminals such as a
tablet PC with a foldable front, which is a display screen, to be
flexible and foldable and that can be safely folded by prevent-
ing damage to the display due to excessive folding.

2. Description of the Related Art

In general, portable terminals, such as a smartphone and a
tablet PC that can access the internet by improving mobile
phones, are greatly popular in recent years in debt to devel-
opments in the communication technology and the semicon-
ductor and optical technologies and it changes all the life
environments of human and brings remarkable renovation to
a science technology.

In particular, the tablet PC has a wide display screen but a
large volume and thus is inconvenient to be carried.

As an alternative for this inconvenience, a flexible display
having flexibility has been proposed.

As a conventional art relating to the flexible display sub-
strate that is foldable/unfoldable, [Flexible display substrate |
has been disclosed in Korean Patent Application No.
10-2009-0030869.

The flexible display means a display that can be rolled, or
curved or bent like paper, and freely designed at its outer wall.

Further, the flexible display may be understood as a strong
display without breaking since the substrate has flexibility
and may be understood as a thin & light display by using a thin
and light substrate such as plastic in some cases.

The most basic type would be the flexible display that can
be carried with the volume reduced to a half by folding it into
a half.

Even in this foldable type, it is preferable that the flexible
display cannot be bent and folded like paper to be folded but
can be folded with smooth curvature.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a foldable
flexible display device that can be folded/unfolded at a fold-
ing portion of flexible display device allowing a tablet PC
with a front, which is a display, to be flexible and foldable and
that can be safely folded with smooth curvature to prevent
damage to the display screen due to excessive folding

According to an aspect of the present invention, a flexible
display device may include: first and second plates each hav-
ing a predetermined area; a hinge member for connecting the
first plate and the second plate for connecting the first plate
and the second plate; and a flexible display screen attached to
the tops of the first plate and the second plate and the hinge
member, wherein the hinge member folds the first plate and
the second plate and the flexible display screen while it is
folded with smooth curvature.
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The hinge member may include: a plurality of link assem-
blies pivotably combined with the first plate and the second
plate and arranged to be bendable together; link pins connect-
ing the link assemblies; and a first leaf spring that surrounds
the outer side of the hinge member, with one end connected to
the first plate and the other end connected to the second plate,
and has elasticity.

The hinge member may include: a plurality of link assem-
blies pivotably combined with the first plate and the second
plate and arranged to be bendable together; and link pins
connecting the link assemblies, in which the link assembly
and the link pin may be provided with magnetic substances
having the same polarity on the contact surfaces and accord-
ingly rotated by the repulsive force of the magnetic sub-
stances.

A first magnetic substance may be disposed at the link
assembly, a second magnetic substance may be disposed at a
coupling portion formed at one end of the second plate to
correspond to the first magnetic substance, and the first and
second magnetic substances may have the same polarity.

A third magnetic substance may be embedded in one side
of a first coupling portion of the link pin, a fourth magnetic
substance may be embedded in one side of a coupling portion
of the link assembly to correspond to the third magnetic
substance, and the third and fourth magnetic substances may
have the same polarity.

The hinge member may include: a plurality of link assem-
blies pivotably combined with the first plate and the second
plate and arranged to be bendable together; link pins connect-
ing the link assemblies; and a soft plate member that is
attached to the inner side of the hinge member, mounted on
the inner sides of the first and second plates, and helps folding
by being selectively attached, by a magnetic force, to first and
second magnets spaced from each other on the first plate, with
the folding of the first and second plates.

The soft plate member may be a soft plate and a third
magnet that is selectively attached to the first and second
magnets may be disposed at a side on the underside of the soft
plate member.

At least one or more guide grooves having a predetermined
length may be formed at one side of the soft plate member and
shaft pins of the hinge member may be inserted in the guide
grooves.

A guide groove may be formed on the first plate so that the
third magnet of the soft plate member is inserted therein and
longitudinally moved, a first magnet may be disposed at a side
in the guide groove, and a second magnet may be disposed at
the other end at a predetermined distance from the first mag-
net.

The hinge member may include: a plurality of link assem-
blies pivotably combined with the first plate and the second
plate and arranged to be bendable together; and link pins
connecting the link assemblies, in which a fixing mechanism
generating a fixing force by spring elasticity may be disposed
onthe contact surfaces of the link assembly and the link pin so
that a folding or unfolding angle can be adjusted by a fixing
force generated by the fixing mechanism.

The fixing mechanism may include: balls protruded at one
side of the link assembly by elasticity of springs; and a plu-
rality of fixing grooves formed one surface of the link pin to
correspond to the balls.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
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drawings which are given herein below by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1 is a perspective view showing when a foldable
flexible display device according to a first embodiment of the
present invention is folded;

FIG. 2 is a front view showing when the foldable flexible
display device according to the first embodiment of the
present invention is folded;

FIG. 3 is a perspective view showing a hinge member in
FIG. 1,

FIG. 4 is an exploded perspective view of the hinge mem-
ber in FIG. 3;

FIG. 5 is a bottom perspective view of a link assembly and
a link pin in FIG. 4;

FIG. 6 is a perspective view showing the rear of the fold-
able flexible display device according to a second embodi-
ment of the present invention when it is unfolded;

FIG. 7 is a front view showing when the foldable flexible
display device according to the second embodiment of the
present invention is folded;

FIG. 8 is an enlarged perspective view showing a hinge
member in FIG. 6;

FIG. 9 is an exploded perspective view of the hinge mem-
ber in FIG. 7,

FIG. 10 is abottom perspective view of a link assembly and
a link pin in FIG. 9;

FIG. 11 is a front view showing the operation of the hinge
member in FIG. 7,

FIG. 12 is a perspective view showing when a foldable
flexible display device according to a third embodiment of the
present invention is unfolded;

FIG. 13 is an enlarged perspective view showing a hinge
member in FIG. 12;

FIG. 14 is a perspective view showing the hinge member in
FIG. 12;

FIG. 15 is an exploded perspective view showing the hinge
member in FIG. 14;

FIG. 16 is a bottom perspective view showing the link
assembly and the link pin in FIG. 15;

FIG. 17 is a view showing when the foldable flexible dis-
play device according to the third embodiment of the present
invention is folded;

FIG. 18 is a view showing when the foldable flexible dis-
play device according to the third embodiment of the present
invention is unfolded;

FIG. 19 is a perspective view showing when a foldable
flexible display device according to a fourth embodiment of
the present invention is folded;

FIG. 20 is a front view showing when the foldable flexible
display device according to the fourth embodiment of the
present invention is folded;

FIG. 21 is a perspective view showing a hinge member in
FIG. 20;

FIG. 22 is an exploded perspective view of the hinge mem-
ber in FIG. 21;

FIG. 23 is abottom perspective view of a link assembly and
a link pin in FIG. 22;

FIG. 24 is a rear perspective view of a foldable flexible
display device according to the present invention, in which a
fixing mechanism and a sub-fixing mechanism of a hinge
member are shown; and

FIG. 25 is a front view showing the operation of the fixing
mechanism of the hinge member in FI1G. 24.
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4
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion are described in detail with reference to the accompany-
ing drawings.

A foldable flexible display device according to the present
invention includes first and second plates 100 and 200 each
having a predetermined area, a hinge member A1 for connect-
ing the first plate 100 and the second plate 200, and a flexible
display screen attached to the tops of the first plate 100 and the
second plate 200 and the hinge member Al.

The hinge member A1, provided for folding the first plate
100 and the second plate 200, generally bends not to be folded
to prevent damage to a flexible display substrate, but to be
folded with smooth curvature.

Various examples of the hinge members A1~A4 according
to the present invention will be described in detail hereafter.

First Embodiment

In the accompanying drawings, FIG. 1 is a perspective
view showing when a foldable flexible display device accord-
ing to a first embodiment of the present invention is folded,
FIG. 2 is a front view showing when the foldable flexible
display device according to the first embodiment of the
present invention is folded, FIG. 3 is a perspective view
showing a hinge member in FIG. 1, FIG. 4 is an exploded
perspective view of the hinge member in FIG. 3, and FIG. 5 is
a bottom perspective view of a link assembly and a link pin in
FIG. 4.

As shown in FIGS. 1to 5, a foldable flexible display device
T1 according to the first embodiment of the present invention
includes: first and second plates 100 and 200 each having a
predetermined area; a hinge member A1l for connecting the
first plate 100 and the second plate 200; and a flexible display
screen (not shown) attached to the tops of the first plate 100
and the second plate 200 and the hinge member A1.

The hinge member Al includes: a plurality of link assem-
blies 2 pivotably combined with the first plate 100 and the
second plate 200 and arranged to be bendable together; and
link pins 4 connecting the link assemblies 2, and further
includes a first leaf spring 6 that surrounds the outer side of
the hinge member Al, with one end connected to the first
plate 100 and the other end connected to the second plate 200,
and has elasticity.

The link assembly 2 has a first through-hole 23 at one end,
which is coupled to a coupling portion 150 formed at one end
of each of the first plate 100 and the second plate 200 by a
shaft pin and a coupling groove 25 at the bottom in which a
first coupling portion 41 of a link pin 4 is inserted.

Further, a groove 24 is formed at a side on one side of the
link assembly, to which the link pin 4 is fitted, and a second
through-hole 240 to which a pin is fitted is formed at a step 26
protruding at both sides of the groove 24.

The link assembly 2 has a first inclined portion 210 at both
sides on the other side which restricts excessive outward
rotation when the link pin 4 is rotated outward, in close
contact with the side ofthe link pin 4, and has a first upper step
21 at the top which is fastened to the first leaf spring 6.

The ‘outward’ means a direction opposite to the direction
of folding and the ‘excessive outward rotation’ means that the
first plate 100 and the second plate 200 rotate outward over
the horizontally folding position.



US 9,047,055 B2

5

A first lower step 22 with a second inclined portion 220 at
both sides, which restricts excessive inward rotation when the
link pin 4 rotates inward, is formed on the bottom of the link
assembly 2.

The first upper step 21 and the first lower step 22 have a
substantially trapezoidal cross-section and the first inclined
portion 210 and the second inclined portion 220 are formed to
be opposite to each other at both sides, respectively.

The link pin 4, which is provided for connecting two link
assemblies 2 and 2' and guides them in rotation, has a first
coupling portion 41 at a side which is inserted in the coupling
grooves 25 ofthe link assemblies 2 and 2' and has a protrusion
42 at both sides which is inserted in the groove 24 of the link
assembly 2 and fixed by pins.

Third through-hole 420 to which a pin is fitted is formed at
the protrusion 42.

The link pin 4 has a second upper step 43 ata side on the top
where a third inclined portion 431 being in contact with the
first inclined portion 210 of the first upper step 21 of the link
assembly 2 is formed, and has a second lower step 44 where
a fourth inclined portion 442 being in contact with the first
lower step 22 of the link assembly 2 is formed.

The second upper step 43 and the second lower step 44
have a substantially trapezoidal cross-section and the third
inclined portion 431 and the fourth inclined portion 442 are
formed to be opposite to each other at both sides, respectively.

The first leaf spring 6 has first and second plate portions 61
and 62 connected with the first plate 100 and the second plate
200, respectively, and a curved portion 63 connected to the
first and second plate portions 61 and 62 and mounted on the
outer side of the hinge member Al.

The curved portion 63 is formed by connecting a plurality
of mounting surfaces 632 mounted on the link assembly 2 and
the link pin 4 of the hinge member A1, respectively, and each
of' which has a folding portion 633 formed in the width direc-
tion for easy bending.

The curved portion 63 is mounted and fixed, for example,
by welding or bolting the mounting surfaces 632 to the first
upper step 21 ofthe link assembly 2 and the second upper step
43 of the link pin 4 which correspond to the mounting sur-
faces, respectively.

The operation of the first embodiment T1 of the present
invention having this configuration will be described hereat-
ter.

As shown in FIG. 1, when the flexible display device
according to the present invention is folded, the hinge mem-
ber Al is rolled to form a circle.

That is, even though it is folded, the portion where the
hinge member Al is disposed has smooth curvature, and
accordingly, a curved line is made such that excessive defor-
mation such as bending of the flexible display screen is not
caused.

When stress is generated while the first leaf spring 6 is bent
and a force that closes the first plate 100 and the second plate
200 is removed, the plates can be naturally unfolded by a
restoring force of the leaf spring 6.

Second Embodiment

In the accompanying drawings, FIG. 6 is a perspective
view showing the rear of the foldable flexible display device
according to a second embodiment of the present invention
when it is unfolded, FIG. 7 is a front view showing when the
foldable flexible display device according to the second
embodiment of the present invention is folded, FIG. 8 is an
enlarged perspective view showing a hinge member in FIG. 6,
FIG. 9 is an exploded perspective view of the hinge member
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6

in FIG. 7, FIG. 10 is a bottom perspective view of a link
assembly and a link pin in FIG. 9, and FIG. 11 is a front view
showing the operation of the hinge member in FIG. 7.

As shown in FIGS. 6 to 11, a foldable flexible display
device T2 according to the second embodiment of the present
invention includes: first and second plates 100 and 200 each
having a predetermined area; a hinge member A2 for con-
necting the first plate 100 and the second plate 200; and a
flexible display screen attached to the tops of the first plate
100 and the second plate 200 and the hinge member A2.

The hinge member A2, provided to guide folding of the
first plate 100 and the second plate 200, generally guides the
plates not to be angled but to be folded with smooth curvature
to prevent damage to a flexible display substrate.

The hinge member A2 includes: a plurality of link assem-
blies 2a pivotably combined with the first plate 100 and the
second plate 200 and arranged to be bendable together; and
link pins 4 disposed between the link assemblies 2 to connect
them, in which the link assembly 2« and the link pin 4a are
provided with magnetic substances having the same polarity
on the contact surfaces and accordingly rotated by the repul-
sive force of the magnetic substances.

The link assembly 2a has a rotating portion 29 at one side
where a first through-hole 23, which is coupled to a coupling
portion 150 formed at one end of each of the first plate 100 and
the second plate 200 by a shaft pin, is formed and a coupling
groove 25 at the bottom in which a first coupling portion 41 of
a link pin 4a is inserted.

Further, a groove 24 is formed ata side ofthe link assembly,
to which a protrusion 42 of the link pin 4a is fitted and a
second through-hole 240 to which a pin is fitted is formed at
a step 26 protruding at both sides of the groove 24.

The link assembly 2a has a first inclined portion 210 at both
sides on the other side which restricts excessive outward
rotation when the link pin 4a is rotated outward, in close
contact with the side of the link pin 4a, and has a first upper
step 21 at the top which is fastened to a leaf spring 6.

A first lower step 22 with a second inclined portion 220 at
both sides, which restricts excessive inward rotation of the
link pin 4a when it rotates inward, is formed on the bottom of
the link assembly 2a.

The first upper step 21 and the first lower step 22 have a
substantially trapezoidal cross-section and the first inclined
portion 210 and the second inclined portion 220 are formed to
be opposite to each other at both sides, respectively.

The link pin 4a, which is provided for connecting two link
assemblies 2a and guide them in rotation, has a first coupling
portion 41 at a side which is inserted in the coupling grooves
25 of the link assemblies 2a and fixed by pins and has a
protrusion 42 at both sides which is inserted in the groove 24
of'the link assembly 2a.

Third and fourth through-holes 410 and 420 to which pins
are fitted are formed at the first coupling portion 41 and the
protrusion 42, respectively.

The link pin 4a has a second upper step 43 at a side on the
top where a third inclined portion 431 being in contact with
the first inclined portion 210 of the first upper step 21 of the
link assembly 2a is formed, and has a second lower step 44
where a fourth inclined portion 442 being in contact with the
first lower step 22 of the link assembly 2a is formed.

A first magnetic substance m1 is embedded in a rotating
portion 29 of the link assembly 2a, around the first through-
hole 23.

A second magnetic substance m2 is embedded in one sur-
face of the coupling portion 150 formed at one end of the
second plate 200 to correspond to the first magnetic substance
ml.
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The first and second magnetic m1 and m2 have the same
polarity.

The first magnetic substance m1 and the second magnetic
substance m2 are arranged to partially overlap each other.

That is, they are not arranged in the same line, but the
second magnetic substance m2 is formed at a position where
it can partially overlap the first magnetic substance m1 a little
downward or upward.

Therefore, when the link assembly 2a rotates a little and the
first magnetic substance m1 meets the second magnetic sub-
stance m2, a pushing force is generated by the repulsive force
therebetween and the first magnetic substance m1 is pushed
to a side, and thus the force acts as a force rotating the link
assembly 2a.

Further, a third magnetic substance m3 is embedded in one
side of'the first coupling portion 41 of the link pin 4a, a fourth
magnetic substance m4 is embedded in one side of the cou-
pling groove 25 of the link assembly 2a to correspond to the
third magnetic substance, and the third and fourth magnetic
substances m3 and m4 have the same polarity.

Accordingly, when the link pin 44 rotates a little, a pushing
force is generated by the repulsive force between the third
magnetic substance m3 and the fourth magnetic substance
md, and therefore, the link pin 4a can rotate with the rotation
of the third magnetic substance m3.

The operation of the second embodiment T2 of the present
invention having this configuration will be described hereat-
ter.

As shown in FIG. 7, when the flexible display device T2
according to the present invention is folded, the hinge mem-
ber A2 is rolled to form a circle.

That is, even though it is folded, the portion where the
hinge member A2 is disposed has smooth curvature, and
accordingly, a curved line is made such that a deformation is
not caused to the flexible display screen.

When the folding is performed, as described above, bend-
ing by the link assembly 2a and the link pin 4a can be more
smoothly performed by the repulsive force between the first
and second magnetic substances m1 and m2 and the third and
fourth magnetic substances m3 and m4.

In contrast, as shown in FIG. 6, when the flexible display
device T2 according to the present invention is unfolded, the
hinge member A is unfolded flat and the leaf spring 6 is fixed
to the link assemblies 2a and the link pins 4a; therefore,
predetermined linked motion is provided and the unfolded
status can be kept flat.

When the unfolding is performed, as described above,
unfolding by the link assembly 2a and the link pin 4a can be
more smoothly performed by the repulsive force between the
first and second magnetic substances m1 and m2 and the third
and fourth magnetic substances m3 and m4.

Third Embodiment

In the accompanying drawings, FIG. 12 is a perspective
view showing when a foldable flexible display device accord-
ing to a third embodiment of the present invention is
unfolded, FIG. 13 is an enlarged perspective view showing a
hinge member in FIG. 12, FIG. 14 is a perspective view
showing the hinge member in FIG. 12, FIG. 15 is an exploded
perspective view showing the hinge member in FIG. 14, FIG.
16 is a bottom perspective view showing the link assembly
and the link pin in FIG. 15, FIG. 17 is a view showing when
the foldable flexible display device according to the third
embodiment of the present invention is folded, and FIG. 18 is
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a view showing when the foldable flexible display device
according to the third embodiment of the present invention is
unfolded.

As shown in FIGS. 12 to 18, a foldable flexible display
device T3 according to the third embodiment of the present
invention includes: first and second plates 100 and 200 each
having a predetermined area; a hinge member A3 for con-
necting the first plate 100 and the second plate 200; and a
flexible display screen attached to the tops of the first plate
100 and the second plate 200 and the hinge member A3.

The hinge member A3, provided for folding the first plate
100 and the second plate 200, generally guides the plates not
to be angled but to be folded with smooth curvature to prevent
damage to a flexible display substrate.

The hinge member A3 includes: a plurality of link assem-
blies 25 pivotably combined with the first plate 100 and the
second plate 200 and arranged to be bendable together; and
link pins 45 connecting the link assemblies 25.

Further, the device includes a soft plate member 7 that is
attached to the inner side of the hinge member A3, mounted
on the inner sides of the first plate 100 and the second plate
200, and helps folding by being linked with the folding of the
first plate 100 and the second plate 200 by being selectively
attached, by a magnetic force, to first and second magnets m1
and m2 spaced from each other on the first plate 100.

The link assembly 25 has a first through-hole 23 at one end,
which is coupled to a coupling portion 150 formed at one end
of each of the first plate 100 and the second plate 200 by a
shaft pin and a coupling groove 25 at the bottom in which a
first coupling portion 41 of a link pin 45 is inserted.

Further, a groove 24 is formed at a side to which the link pin
45 is fitted and a second through-hole 240 to which a pin is
fitted is formed at a step 26 protruding at both sides of the
groove 24.

The link assembly 25 has a first inclined portion 210 at both
sides on the other side which restricts excessive outward
rotation when the link pin 45 is rotated outward, in close
contact with the side of the link pin 44, and has a first upper
step 21 at the top which is fastened to a leaf spring 6.

The ‘outward’ means a direction opposite to the direction
of folding and the ‘excessive outward rotation’ means that the
first plate 100 and the second plate 200 rotate outward over
the horizontally folding position.

A lower step (not shown) with a second inclined portion
(not shown) at both sides, which restricts excessive inward
rotation of the link pin 45 when it rotates inward, is formed on
the bottom of the link assembly 25.

The first upper step 21 and the first lower step have a
substantially trapezoidal cross-section and the first inclined
portion 210 and the second inclined portion 220 are formed to
be opposite to each other at both sides, respectively.

The link pin 45, which is provided for connecting two link
assemblies 26 and guide them in rotation, has a first coupling
portion 41 at a side which is inserted in the coupling grooves
25 of the link assemblies 26 and fixed by pins and has a
protrusion 42 at both sides which is inserted in the groove 24
of the link assembly 25.

Third through-hole (not shown) to which a pin is fitted is
formed at the protrusion 42.

The link pin 45 has a second upper step 43 at a side on the
top where a third inclined portion 431 being in contact with
the first inclined portion 210 of the first upper step 21 of the
link assembly 254 is formed, and has a second lower step (not
shown) where a fourth inclined portion 442 being in contact
with the first lower step 22 of the link assembly 254 is formed.

The second upper step 43 and the second lower step have a
substantially trapezoidal cross-section and the third inclined
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portion 431 and the fourth inclined portion (not shown) are
formed to be opposite to each other at both sides, respectively.

The soft plate member 7, a substantially rectangular soft
plate, is rolled or unrolled with folding of the hinge member
A, thereby generating the elastic force of a spring.

A third magnet m3 that is selectively attached to the first
and second magnets m1 and m2 by a magnetic force is dis-
posed at a side on the underside of the soft plate member 7.

A guide groove 72 having a predetermined length is lon-
gitudinally formed close to both sides of the soft plate mem-
ber 7 and the shaft pins of the hinge member A are inserted in
the guide grooves 72.

That is, the shaft pins (not shown) coupled to the link
assembly 2b and the link pins 4b of the hinge member A
protrude and the protruding shaft pins are inserted in the guide
grooves 72.

A guide groove 105 is formed at the first plate 100 so that
the third magnet m3 of the soft plate member is inserted
therein and longitudinally moved.

The first magnet m1 is disposed at one end of the guide
groove 105 and the second magnet m2 is disposed at the other
end at a predetermined distance from the first magnet m1.

The first magnet m1 moves the end of the soft plate member
7, when the second plate 200 is folded with respect to the first
plate 100, and the third magnet m3 is attached to the first
magnet m1 by a magnetic force, and thus the folded status can
be fixed.

When the second plate 200 is unfolded, the third magnet
m3 of the soft plate member 7 is attached to the second
magnet m2 by a magnetic force, and thus the folded status can
be fixed.

The operation of the third embodiment T3 of the present
invention having this configuration will be described hereat-
ter.

When the flexible display device T3 according to the
present invention is unfolded, the first plate 100 and the
second plate 200 substantially overlap each other and the
hinge member A3 is rolled.

That is, even though it is folded, the portion where the
hinge member A3 is disposed has smooth curvature, and
accordingly, a curved line is made such that a deformation is
not caused to the flexible display screen.

Further, while the soft plate member 7 is rolled, one end of
the soft plate member is moved to the first magnet m1 and the
third magnet m3 is attached to the first magnet m1 by a
magnetic force, and thus a closed status is fixed.

On the contrary, in unfolding, the hinge member A3 is
unfolded flat, the soft plate member 7 is unfolded, the third
magnet m3 is moved in the opposite direction and attached to
the second magnet m2, and therefore, an unfolded status can
be kept flat.

Fourth Embodiment

In the accompanying drawings, FIG. 19 is a perspective
view showing when a foldable flexible display device accord-
ing to a fourth embodiment of the present invention is folded,
FIG. 20 is a front view showing when the foldable flexible
display device according to the fourth embodiment of the
present invention is folded, FIG. 21 is a perspective view
showing a hinge member in FIG. 20, FIG. 22 is an exploded
perspective view of the hinge member in FIG. 21, FIG. 23 is
a bottom perspective view of a link assembly and a link pin in
FIG. 22, FIG. 24 is a rear perspective view of a foldable
flexible display device according to the present invention, in
which a fixing mechanism and a sub-fixing mechanism of a
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hinge member are shown, and FIG. 25 is a front view showing
the operation of the fixing mechanism of the hinge member in
FIG. 24.

As shown in FIGS. 19 to 25, a foldable flexible display
device T4 according to the third embodiment of the present
invention includes: first and second plates 100 and 200 each
having a predetermined area; a hinge member A4 for con-
necting the first plate 100 and the second plate 200; and a
flexible display screen attached to the tops of the first plate
100 and the second plate 200 and the hinge member A4.

The hinge member A4, provided for folding the first plate
100 and the second plate 200, generally guides the plates not
to be angled but to be folded with smooth curvature to prevent
damage to a flexible display substrate.

The hinge member A4 includes: a plurality of link assem-
blies 2¢ pivotably combined with the first plate 100 and the
second plate 200 and arranged to be bendable together; and
link pins 4¢ connecting the link assemblies 2c.

The link assembly 2¢ and the link pin 4¢ have a fixing
mechanism 7 that generates a pushing force by means of
spring elasticity, on the contact surfaces.

Accordingly, the folding or unfolding angle of the link
assembly 2¢ and the link pin 4¢ can be maintained by the
pushing force generated by the fixing mechanism 7.

The link assembly 2¢ has a first through-hole 23 at one end,
which is coupled to a coupling portion 150 formed at one end
of each of the first plate 100 and the second plate 200 by a
shaft pin and a coupling groove 25 at the bottom in which a
first coupling portion 41 of a link pin 4c¢ is inserted.

Further, a groove 24 is formed at a side to which the link pin
4c is fitted and a second through-hole 240 to which a pin is
fitted is formed at a step 26 protruding at both sides of the
groove 24.

The link assembly 2¢ has a first inclined portion 210 at both
sides on the other side which restricts excessive outward
rotation when the link pin 4c¢ is rotated outward, in close
contact with the side of the link pin 4¢, and has a first upper
step 21 at the top which is fastened to a leaf spring 6.

A first lower step 22 with a second inclined portion 220 at
both sides, which restricts excessive inward rotation of the
link pin 4¢ when it rotates inward, is formed on the bottom of
the link assembly 2.

The link pin 4¢, which is provided for connecting two link
assemblies 2¢ and guide them in rotation, has a first coupling
portion 41 at a side which is inserted in the coupling grooves
25 of the link assemblies 2¢ and fixed by pins and has a
protrusion 42 at both sides which is inserted in the groove 24
of'the link assembly 2c.

Third through-holes 420 to which a pin is fitted is formed at
the protrusion 42.

The link pin 4¢ has a second upper step 43 at a side on the
top where a third inclined portion 431 being in contact with
the first inclined portion 210 of the first upper step 21 of the
link assembly 2c¢ is formed, and has a second lower step 44
where a fourth inclined portion 442 being in contact with the
first lower step 22 of the link assembly 2¢ is formed.

The fixing mechanism 7 is composed of balls 72 protruded
atone side of any one of the link assembly 2¢ and the link pin
4c¢ by elasticity of springs 71, and a plurality of fixing grooves
73 formed one surface of any one of the link assembly 2¢ and
the link pin 4c¢ to correspond to the balls.

As an example, the fixing grooves 73 are formed on the
inner side of a step at a side where the coupling groove 25 of
the link assembly 2c¢ is formed, and are arranged in an arc in
consideration of the rotation angle, and in more detail, it is
preferable that three to four fixing grooves are formed.
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The balls 72 protrude from one side of the first coupling
portion 41 of the link pin 4c that is inserted in the coupling
groove 25 of the link assembly 2c.

Grooves (not shown) having a predetermined depth are
formed in the first coupling portion 41 of the link pin 4c, the
springs 71 are disposed in the grooves, and then the balls 72
are inserted, in which, preferably, the balls 72 are partially
exposed through the openings of the grooves.

Preferably, the opening of the groove is formed to be a little
smaller than the diameter of the ball 72 and thus substantially
one-third of the ball 72 is exposed to the outside.

As the exposed balls 72 are selectively inserted or sepa-
rated into/from the fixing grooves 73, fixing and detaching
can be performed, angle can be adjusted by those operations,
and the link assemblies 2¢ and the link pins 4¢ can be kept
under predetermined tensile force by predetermined tension.

A fixing mechanism 7 is disposed on the contact surface
too of the link assembly 2¢ and the coupling portion 150
formed at one end of the first plate 100.

That is, since the balls 72 protruded by the elasticity of the
springs 71 are formed on one side of the coupling portion 150
and the fixing grooves 73 are formed on one side of the link
assembly 2¢ to correspond to the balls, and thus the angle can
be adjusted, as described above.

A first leaf spring 6, which surrounds the outer side of the
hinge member A4, with one end connected to the first plate
100 and the other end connected to the second plate 200, is
provided.

The first leaf spring 6 has first and second plate portions 61
and 62 connected with the first plate 100 and the second plate
200, respectively, and a curved portion 63 connected to the
first and second plate portions 61 and 62 and mounted on the
outer side of the hinge member A4.

The curved portion 63 is formed by connecting a plurality
of mounting surfaces 632 mounted on the link assembly 2¢
and the link pin 4¢ of the hinge member A4, respectively, and
each of which has a folding portion 633 for easy bending.

The curved portion 63 is mounted and fixed, for example,
by welding or bolting the mounting surfaces 632 to the first
upper step 21 of the link assembly 2¢ and the second upper
step 43 of the link pin 4¢ which correspond to the mounting
surfaces, respectively.

The operation of the fourth embodiment T4 of the present
invention having this configuration will be described hereat-
ter.

Therefore, as shown in FIG. 16, when the flexible display
device T4 according to the present invention is folded, the
hinge member A4 is rolled.

That is, even though it is folded, the portion where the
hinge member A4 is disposed has smooth curvature, and
accordingly, a curved line is made such that a deformation is
not caused to the flexible display screen. Further, when stress
is generated while the first leaf spring 6 is bent and a force that
closes the first plate 100 and the second plate 200 is removed,
the plates can be naturally unfolded by a restoring force of the
leaf spring 6.

On the other hand, as shown in FIG. 21, when the flexible
display device T4 according to the present invention is
unfolded, the hinge member A4 is unfolded flat and the leaf
spring 6 is fixed to the link assemblies 2¢ and the link pins 4c;
therefore, predetermined linked motion is provided and the
unfolded status can be kept flat.

According to the present invention, the operation for fold-
ing or unfolding the screen of a flexible display device can be
smoothly operated and damage to the display screen can be
prevented, resulting in remarkable improvement in reliability
of a product.
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Although the present invention was described above with
reference to the exemplary embodiments stated above, those
skilled in the art can easily recognize that the present inven-
tion may be changed and modified in various ways without
departing from the spirit and scope of the present invention
and it is apparent that the changes and modifications are all
included in claims.

What is claimed is:

1. A foldable flexible display device comprising:

first and second plates each having a predetermined area;
and

a hinge member for connecting the first plate and the sec-
ond plate;

wherein the hinge member has a curvature on folding of the
first plate and the second plate together,

wherein the hinge member comprises:

a plurality of link assemblies pivotably coupled to the first
plate and the second plate and arranged to be bendable
together;

link pins connecting the plurality of link assemblies to one
another; and

an elastic leaf spring that surrounds an outer side of the
hinge member, the leaf spring having one end connected
to the first plate and another end connected to the second
plate,

wherein at least some of the plurality of the link assemblies
each have:

a first through-hole coupling to a coupling portion formed
at one end of a respective one of the first plate and the
second plate;

a coupling groove and a link-pin groove in which portions
of adjacent link pins are inserted;

a second through-hole to which a pivot pin is fitted, the
second through hole being formed in protrusions on
opposite sides of the link-pin groove; and

an upper step that has an inclined portion in close contact
with a side of one of the respective adjacent link pins, the
upper step serving to restrict excessive outward or open-
ing rotation of the first plate and the second plate relative
to one another.

2. The device of claim 1, wherein the first leaf spring

comprises:

first and second plate portions connected with the first plate
and the second plate, respectively; and

a curved portion connected to the first and second plate
portions and mounted on the outer side of the hinge
member.

3. The device of claim 2, wherein the curved portion is
formed by connecting a plurality of mounting surfaces
mounted on the plurality of link assemblies and the link pins
of the hinge member, respectively, and each of the mounting
surfaces has a folding portion formed in the width direction
for easy bending.

4. The device of claim 1, wherein each of the plurality of
link assemblies is formed on a bottom side with a lower step
having an inclined portion, which restricts excessive inward
rotation of the first plate and the second plate towards a
closure configuration when the link pin rotates inward.

5. The device of claim 4, wherein each of the link pins has:

a pair of oppositely extending protrusions that are inserted
in the link-pin grooves of adjacent ones of the link
assemblies, each of the oppositely extending protrusions
having a third through-hole for receiving a respective
pivot pin fitted to the second through-hole of one of the
plurality of link assemblies;

an additional upper step that has an inclined portion in
contact with the inclined portion of the upper step of an
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adjacent one of the link assemblies, the additional upper
step being formed at a top side of the respective link pin;
and

an additional lower step that has an inclined portion in
contact with the lower step of the adjacent one of the link 5
assemblies.



